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CHAPTER - I 
INTRODUCTION 
GENERAL REMARKS 
Recent advances in the study of fluvial sedimentology 
as applied to modern fluvial deposits led to the development 
of the concept of facies model, and attracted a great deal 
of attention of sedimentologists. The application of this 
concept has greatly facilitated the understanding of river 
hydrodynamics, depositional behaviour, climatic and tectonic 
setting. Until recently sedimentologists have focussed 
attention on the diagnostic potential of lithofacies 
assemblages and vertical profile (Cant and 'Walker 1976; 
Miall, 1977, 1978; Jackson, 1978; Rust, 1976) . However, 
similar profiles can be constiructed from different geomorphic 
and tectonic processes, resulting in the superinposition of 
several cycles within each other (Miall, 1980) . 
In the last few decades the modern fluvial sediments 
have been the focal point of a hofetof sedimentologists all 
over the world. The thrust of their studies has been to 
determine configuration of river channels and their bearing 
on the patterns of deposition, texture, structure and 
J 
composition of bed forms and hydrodynairvic conditions to 
construct fluvial f a d e s assemblage and resulteuit depositional 
model. 
Rivers flowing over a bed of loose sand grains produce 
various bedforms in different stages in response to sinuosity, 
slope, discharge, depth hydraulic conditions and sediments 
supply. The study of bedforms including facies, texture, 
bedding type, geometry and composition are very inportant 
for understanding the channel sinuosity, mode of transportation 
and deposition of r iver system. Sedimentation processes are 
greatly influenced and controlled by tectonic set t ing and 
climate par t icular ly in al luvial basins. Our understanding 
of modern fluvial system has improved greatly in recent years. 
Schumm (1963), c lassif ied the r ivers in suspended load, mixed 
load and bed load r iver with variat ions in channel types. 
However, Leopold and Wolman's (1957) c lass i f icat ion of r ivers 
in to straight , braided, meandering channel i s widely used. 
The existing geological l i t e ra tu re shows l i t t l e agreemant 
about what consti tutes a braided r iver and how a typical 
braided r iver looks l i k e . I t i s a common observation that a 
braided r iver i s divided into multiple channels on account 
of intervening bars, vrtiich are short lived due to l a t e r a l 
migration and scour and f i l l s of the channels. 
A meandering channel posses a well defined channel, pools 
and sediments bars joined by riffles. Sediment bars of 
meandering channels are better known as point bars and 
constitute the major depositional feature produced as a result 
of channel action. Meandering channels show slower rates of 
lateral shifting than braided channels. However, sometimes 
even meandering channels may migrate at increased rates and 
braiding and meandering are rather interrelated. A careful 
study of channel deposits and bedding units can reveal channel 
depositional patterns, channel geometry and shifting behaviour. 
Many deposits grow by either lateral accretion, or by vertical 
channel aggradation and progressive abandoment, or by a 
process combining both these styles (Miall, 1982) . 
The basic objective of fluvial sedimentologists is to 
study the modern rivers and their depositional behaviour in 
order to generate a modern analogue of fluvial deposits under 
existing climatic and tectonic setting, as a model for 
understanding similar processes in the geological past. 
The Ganga basin of Uttar Pradesh and Bihar, drained by 
a network of large and small river system (Fig. 1), provides 
of classical excimple of Architecture of modern alluvial basins, 
Its tectonic setting representing a foreland. To the south 
Fig. 1 : Map showing important places and river system 
of Ghagra and Sharda of Uttar Pradesh. 
of r i s i n g Himalayas a t r o p i c a l c l i m a t i c t e r r a i n r e s u l t i n g i n 
v e r y h igh and very low seasona l water and sediment d i s c h a r g e , 
and t h e consequent d i v e r s e sodimunta fuc ieo mco sonvj of the 
u n i q u e f e a t u r e s of t h e Ganga b a s i n which has g r e a t l y a t t r a c t e d 
t h e a t t e n t i o n of s e d i m e n t o l o g i s t s of I n d i a and wor ldover . 
GHAGRA RIVER 
The r i v e r K a m a l i , which i s c a l l e d K a u r i a l a i n t h e 
mountainous t e r r a i n becomes Gagra (Ghagra) i n t h e p l a i n and 
forms t h e boundary between the d i s t r i c t s j b f Bahra ich t o t h e 
e a s t and s i t a p u r to the west i n onutern u t t a r Pradoal* ( F i i j . l ) . 
The Ghagra r i v e r o r i g i n a t e s from t h e g l a c i e r s of "Melchara Muga" 
t o t h e no r thwes t of T i b r i k o t i n the g r e a t Himalayas and d r a i n s 
i n the wes tern and sou the rn f l a n k s of mount Gur la Mandhata 
where i t s b a s i n adjoin with t h a t of S u t l a j . The a r e a i s 
f l a t t i s h , the h i g h e s t a r e a be ing 7,728 m above MSL. I t 
then flows in t h e s o u t h e a s t e r l y d i r e c t i o n and c u t s a c ro s s 
t h e main Himalayan range i n t h e s o u t h w e s t e r l y d i r e c t i o n . In 
t h e p l a i n of e a s t - c e n t r a l U t t a r Pradesh i t i s j o i n e d by 
r i v e r Sharda a t Mallahpur (Mal lanpur ) , a v i l l a g e i n d i s t r i c t 
of S i t a p u r , and a c q u i r e s i t s name from Gogra (Ghagra) , wtiich 
i s a cormaption of the word 'Ghagra* meaning r a t t l i n g o r 
l a u g h i n g . I t then p a s s e s through Ayodhya (Faizabad d i s t r i c t ) 
and f i n a l l y j o i n s t h e Ganges a t Chapra ( B i h a r ) , a l i t t l e 
above Dinapur, 
SHARDA RIVER 
River Sharda r i s e s as r i v e r Kali from the llilan g l a c i e r s 
c a l l ed as Goriganga. A network of streams cont r ibu t ing to 
i t s water r i s e in Kungri, Bingri Lepulekh auid other peaks to 
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the north of main Himalayan Range and dra in the area 7132 m 
between Nandadevi and Apinaraa. Dharma, and L i s se r are two 
major t r i b u t r i e s of Kali r i v e r which jo in together and flow 
in the SSE d i rec t ion , l a t e r joined by the t r i b u t a r i e s of 
Sarju and eas tern Ramganga a t Pacheshwar downstrea, the 
r i v e r i s ca l led sharda (Fig. 1) . 
The r i v e r sharda, then, crosses the l e s s e r Himalayan 
range of Ut ta r Pradesh through d i s t r i c t of Almorah and 
Pithoragarh before reaching the p l a in s of P i l i b h i t , Kheri, 
and Sitapur d i s t r i c t . 
I t f i na l l y j o in s the r i ve r Ghagra as i t s t r i b u t o r y a t 
Mollahpur. The general flow d i r ec t i on of the riveir i s the 
same as t ha t of r i v e r Ghagra i . e . northwest-southeast (NW-SE) 
on regional s ca l e . 
STUDY AREA 
The present study was conducted on the river Ghagra in 
d i s t r i c t of Bahraich a c r o s s i n the a r e a ex t end ing from 
K a t a m i a Ghat, t h a t i s no r then p a r t of U t t a r Pradesh , a d j o i n i n g 
the i n t e r n a t i o n a l boundry with Nepal ( F i g . 1 ) . The s tudy 
a r e a ex t ends from K a t a m i a Ghat i n the n o r t h t o Ghagra Ghat 
i n the south for a d i s t a n c e of about 140 km. 
The a r ea l i e s between North l a t i t u d e s , 27 ' '03 ' and 28" 2 5 ' , 
and Eas t l o n g i t u d e s 8 l ° 0 1 ' and BZ^IB' . 
For t h i s i n v e s t i g a t i o n the s tudy a r ea along t h e r i v e r 
Ghagra i s d iv ided i n t o four s e c t o r s from n o r t h t o south 
(.Fig. 2 A, u^ C & D), namely; 
S e c t o r I K a t a r n i a Ghat 
S e c t o r I I Zalim Nagar Ghat 
S e c t o r I I I Chah la r i Ghat 
S e c t o r IV Ghagra Ghat 
KATARNIA GHAT 
Secto 
KATARNIA GHAT 
0 6:0 
Km 
Fig . 2 : Map (A-D) l o c a t i o n of four s e c t o r s along 
r i v e r Ghagra in the study area 
A: Ka ta rn ia Ghat ( S e c t o r - 1) 
B: Zalim Nagar Ghat ( S e c t o r - I I ) 
C: Chahla r i Ghat ( S e c t o r - I l l ) 
D: Ghagra Ghat (Sector-IV) 
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GEOMORPHOLOGY OF THE AREA 
The district Bahraich is a part of the Ghagra alluvial 
plain and is underlain by quartemary alluvium comprising 
mainly sands, clays and kankar. At places, boulders and 
pebbles are occassionally present associated with sandy 
clays. The alluvial area can be classified as follows: 
(i) The older alluvium - It is of middle Pleistocane 
in age (Wadia, 1961), generally occupies high grounds 
and is not affected by floods during monsoon period. 
(ii) Newer alluvium - Occupies the lower latitude and 
mainly confined to the flood plains along river 
channels and belong to upper Pleistocene to recent in 
age (Krishnan, 1960). 
However, there is a general difference in the elevation 
(2-3 m) between the above alluvium. The remaining part of 
the district is almost flat country, with its gentle slope 
towards south. The gradient in the north and northeastern 
1^  
1^ 
por t ion of the d i s t r i c t i s high, while in the southern p a r t 
the gradient i s low. The regional e leva t ion i s 150 m above 
t43L in the north, while i t i s 120 m (M3L) in the south. On 
an average the topographic gradient from north to south i s 
039 m/km. 
There are several oxbow lakes , and ponds, most of thetn 
contain water t i l l l a t e March during the year . Biggest l akes 
are Dharan^ur lake and Bhagal lake , s i t ua t ed along t h i s 
r i v e r . Among the geomorphic features observed during the 
course of f i e l d inves t iga t ion are l a t e r a l accre t ion depos i t s , 
channel b a r s , vo r t i ca l accret ion depos i t s , overbank flood 
p l a in and crevasse sp lays . 
GEOMORPHIC FEATURES 
Qeomorphology of River Qhagra 
Following geomorphic fea ture are prominantly displayed 
along the course of r i v e r Ghagra in the d i s t r i c t of Bahraich, 
Channels 
Generally, the channel of the river Ghagra are broad 
and shallow the floor of channel is generally smooth. However, 
undulatory relief, with mounds and ridges between channels 
are not uncommon. These elongate ridges are oriented parallel 
1 * 
to the r i v e r and have sinuous shape. The r i ve r i s divided 
i n t o mult iple channels vdth the bars dividing the r i v e r i n t o 
mul t ip le channels . Several bars are also presen t within the 
channel . 
Bars 
Work by Hein in Harms e t a l . (1975, pp . 150-153) and 
Hein and Walker (1977) have indicated t h a t c e r t a i n ba rs are 
members of evolution any sequences and t h a t the morphology 
of any bar may be very ephemeral. 
Longitudinal bara 
The longi tud ina l bars are the most abundant and run 
p a r a l l e l to the flow d i r e c t i o n . They vary in s ize from 100 
m in length to few meters in width to a maximum of 1 km in 
length and 1/2 km in width. These bars are bounded by ac t ive 
channels on both s ides and margins are p a r t i a l l y eroded. 
The bars are commonly d i rec ted by low order channels . The 
c h a r a c t e r i s t i c shape of the bars i s due to erosion r a the r 
than depos i t ion . 
Transverse bars 
The t ransverse bars are l e s s common. They are l e s s than 
100 meter in length and 60 meters in width. The t ransverse 
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bars indicate that they tend to have straighter crests, such 
characters are also reported by smith (1971 a; 1972) and 
Williams (1971); the straighter crest are clearly seen on the 
surface. 
Vertical Accretionary Depoait 
Vertical accretionary deposits developed as a result 
of setting of suspended load of flood water. It consists 
of recent cut bank which is stablized by thick vegetation^ 
as we go upward on the bank it passes into terraces. The 
banks are generally higher, upto several meter than the 
river bed. 
Splays, also called, crevasse splays, are included in 
flood bank deposits. These deposits are fornved as bed load 
materials accumulate with adjacent levees, brought down 
locally by channel water through crevasses of over bank 
levees during high discharge. 
METHODS OF INVESTIGATION 
FIELD STUDY 
The primary object was to examine and identify the 
sedimentary facias, as these attributes are the basic parameters 
i n unde r s t and a d e p o s i t i o n a l model and p r o c e s s e s of 
d e p o s i t i o n . The sediments of Ghagra r i v e r were s t u d i e d by-
d i g g i n g t r e n c h e s and examining exposed s e c t i o n of t h e r i v e r 
channel and f lood p l a i n a t 4 l o c a t i o n s ( F i g . 2A, B, C,D) . 
The exposed sequence were a l s o in t r e n c h e s examined i n t h i s 
t r e n c h f a c i e s were dug with t h e he lp of showel and Khurpa t o 
expose sed imentary sequence b o t h p a r a l l e l t o t h e flow and 
normal to t h e flow d i r e c t i o n , a t d i f f e r e n t s i t e s along tlie 
bank, as a l s o i n the channel b e d . 
The dpeth of t r e n c h e s v a r i e s from 0,75 m t o 2 m and in 
l e n g t h from 1 m to 2 m^  a f t e r d igg ing , t h e w a l l s of t h e 
t r e n c h e s were smothened with t h e h e l p of k n i f e and were l e f t 
f o r d ry ing up . When sediments become d r y , t h e s t r a t i f i c a t i o n s 
and o t h e r sed imentary s t r u c t u r e were c l e a r l y v i s i b l e . The 
f a c i e s sequence were examined to work ou t t h e i r v e r t i c a l and 
l a t e r a l r e l a t i o n s h i p , geometry, l i t h o l o g y and sed imenta ry 
s t r u c t u r e s . The sed imentary s t r u c t u r e s were examined a t 
a l l l o c a t i o n s ( F i g . 2A, B,-C, D) fo r two l o c a t i o n s CFig. 2B,C) 
as d i s c u s s e d i n Ghapter - IV. 
LABORATORY PROCEDURE 
A t o t a l of 24 samples were ana lysed u s ing 4 /2 Wentworth( 1936) 
s c a l e . The a n a l y s i s was c a r r i e d ou t u s i n g A.S.T.M. s i e v e s a t 
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0.25 intervals. 100 grams of sediments were taken for each 
samples. A cumutative weight percentage curve for each sanple 
were plotted on log probability graph paper. 
The statistical parameters as defined by Folk and Ward 
(19 57) were used to describe the characteristics of size 
frequency distribution. 
Aims of study 
The main aim of this studying i s the ident i f icat ion of 
sedimentary facies, thei r association, texture, s tructure and 
compositional model in order to recognise and in te rpre t 
similar features in fluvial deposits of geological pas t . 
The study also examines the water pollutant of the r iver in 
the area between Zalim Nagar Ghat and Ghagra Ghat d i s t r i c t 
Bahraich (Fig. 1) . 
CHAPTER - I I I 
FACIES ANALYSIS 
In r e c e n t y e a r s , a l o t of i n fo rma t ion on f l u v i a l systems 
has been accunula ted to sugges t g r a d a t i o n in channel 
morphology and r e l a t e d l i t h o f a c i e s between end members l i k e 
s t r a i g h t / b r a i d e d to meandering e t c . These g r a d a t i o n s occur 
due to changes i n v a l l e y s lope , sediment l o a a , bank m a t e r i a l , 
c l i m a t e and t e c t o n i c regimes arid d i s t a n c e trom tlie s o u r c e . 
Common components of t h e s e v a r i e d f l u v i a l d e p o s i t s need t o 
be de f ined and t h e i r i n t e r n a l v a r i a t i o n and r e l a t i o n s h i p need 
t o be work ou t for r e c o n s t r u c t i o n of v a r i o u s c o n t r o l s on 
f l u v i a l sedinvanta t ion . The i n v e s t i g a t i o n of t he se common 
components i n macroforms (Jackson , 1975) i n f l u v i a l d e p o s i t s 
i s c a l l e d a r c h i t e c t u r a l e lement a n a l y s i s (AEA) by Mia l l (1985) 
In i n v e s t i g a t i o n of f l u v i a l sediments a h e i r a r c h y of 
v a r i o u s elements and t h e i r ana ly se s can be r e c o g n i s e d by 
f a c i e s ^ l i k e c o a r s e t o medium sand, f i n e sand, s i l t and c l a y 
f a c i e s e t c , which form the b a s i c e lements of f l u v i a l sys tem. 
These may be o rgan i sed i n t o l a r g e r macroform or a r c h i t e c t u r a l 
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e lements ( id ia l l , 1985), l i k e l a t e r a l a c c r e t i o n d e p o s i t s , 
p o i n t b a r complex, b r a i d e d b a r s e t c . Next h i g h e r o r d e r of 
e l emen t s , which a re f i l l e d by d i f f e r e n t t y p e s of e lements 
and c a l l e d a r c h i t e c t u r a l s t y l e s by I l i a l l ( 1985) . s t i l l h i g h e r 
o r d e r a n a l y s i s i nvo lves s tudy of r e l a t i o n s h i p between c h a n n e l s 
and overbank d e p o s i t s and t h i s i s mainly c o n t r o l l e d by 
f l u v i a l channel a r c h i t e c t u r e of (F r iend , 1983) . This type 
of a n a l y s i s may be extended to the whole d e p o s i t ! o n a l 
env i ronment . All t he se i n v e s t i g a t i o n have been i nc luded 
under the heading of " f a c i e s a n a l y s i s " 
SEDIMENTARY FACIES OF RIVER GHAGRA 
Keeping above a s p e c t s i n view, t h e sediments of the 
r i v e r Ghagra were examined c a r e f u l l y i n each s e c t o r of tlie 
s tudy a r e , i n o r d e r to d e l i n e a t e t h e v a r i o u s sed imenta ry 
f a c i e s , on t h e b a s i s of fo l lowing c o n s i d e r a t i o n s . 
1 , Ident i fying sedimentary fac ies on the bas i s of colour, 
grain s ize , bedding type, st iructure, mode of occurrence, 
and flow regime responsible for the formation of var ious 
bed forms, 
2. Examining the geometry of the fac ies in v e r t i c a l / 
hor izontal dirrension in sect ions and t renches, and 
2,> 
d i a g r a n t n a t l c r e p r o d u c t i o n t o t h e s c a l e whenever 
n e c e s s a r y . 
On t h e b a s i s of f i e l d s t u d i e s , t h e a r c h i t e c t u r a l 
e l e m e n t s i n t h e r i v e r G h a g r a were r e c o g n i s e d and c o d e d 
i n d i v i d u a l l y f o l l o w i n g t h e m o d i f i e d scheme of t - l i a l l (1978) . 
The f a d e s a r e a s f o l l o w s : 
A) C o a r s e t o Medium Sand f a c i e a Code 
1 . H o r i z o n t a l f a c i e s ish) 
2 . Trough c r o s s bedded f a d e s ( S t ) 
3 . P l a n a r c r o s s bedded f a d e s (Sp) 
4 . Mass ive sand f a d e s (Sm) 
B ) F i n e sand and c l a y f a c i e a 
5 . P e b b l y c o n g l o m e r a t e and p e b b l y mud f a d e d (Pb-Cg/Pb-ra) 
6 . R i p p l e l a m i n a t e d t o r i p p l e d r i f t l a i o i n a t e d , , . 
f a c i a s ^^-^^ 
7 . M a s s i v e mud f a d e s (Mm) 
1 . H o r i z o n t a l l y F a c i e a ( s i ) 
T h i s f a d e s ( SK ) / medium t o c o a r s e g r a i n e d and l i g h t 
g r e y i n c o l o u r , showing h o r i z o n t a l b e d d i n g i s by f a r t h e iiK)st 
w i d e s p r e a d f a d e s of t h e r i v e r Ghagra w i t h i n d i v i d u a l bed 
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genera l ly upto 1-2 cm in thickness/ and general ly d i s t i n c t 
due to presence of mica. This facies ranges in th ickness 
from 20 cm to 40 cm (Fig. 3A) . Thin lenses of laminated to 
cross-laminated may occur as inter-bedded u n i t s in p l a c e s . 
I n t e r e s t i n g l y , s t r eaks of inad occur towards the top of ttie 
fac ies in several t renches, and, indeed, t h i s fac ies passes 
up grada t iona l ly i n to mud (Mm) a t a nurrber of p laces 
(Fig . 4A, 5A) . 
The deposit ion of Sh-facies has been a t t r i b u t e d to 
a product of deposit ion under high ve loc i ty condit ion in 
plane bed phase of upper flow regime (Harms e t a l . 1963; 
Coleman 1969) . 
2. Trough_Croaa Bedded Sand F a d e s (St) 
I t i s grey, d i r t y white in colour and occurs mostly 
as a s ing le s o t . Individual forasots are cu rv i l i nea r and 
tangent ia l a t the base and trruncated a t the top. Mean 
thickness of the s e t s decreases v e r t i c a l l y from base to 
top of the sequence in most trenches (Fig. 6 ) . I t i s widely 
developed in channel b a r s . 
Mode of Formation 
There is a general agreement among the sedimentologist 
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t h a t the formation of cross-bedding i s con t ro l l ed by cur ren t 
ve loc i ty , flow c h a r a c t e r i s t i c s / dune morphology, and the kind 
and r a t e of sediment supply. The cross-bedding of l a rge 
sca le (> 5 cm in th ickness) , spec ia l ly when they occur in 
cose t s , are formed by the down stream cur ren t Kiigration of 
asymetrical mega r i p p l e s or dunes. (sorby, 1859; Hckee, 
1957; Allen, 1962), 1963; Jopl ing, 1963) . 
lOiight (19 29), Lahee (1952), and Mckee (1957) 
suggested t h a t channel cu t t i ng and f i l l i n g are responsible 
for the formation of trough cross-bedding. Simon and 
Richardson (1961) were of opinion tha t t h i s s t ruc tu re develops 
in the upper pa r t of lower flow regime. Fraz ie r and Osanik 
(1961) have suggested t h a t the scouring of troughs i s caused 
by eddies a t the advancing front of the sand waves. Allen 
(1963) suggested tha t small and l a rge - sca l e trough cross-bedding 
develop from the forward migration of l inguoid and lunate 
asymetrical r i p p l e s . Trough cross-bedding i s formed by the 
migration of three dimensional l a rge r i p p l e s (dues and mega 
r ipp les ) (Harms e t a l . , 1982). 
3 . Planar Cross-bedded Facies (Sp) 
This facies i s grey to white in colour . Individual 
thickness of planar for s e t s var ies on ;in average from 5 to 15 
cm and shows uneven and s l i g h t l y carved base (Fig. 7) , f l a t 
t op . The laminae are commonly p lanar ; the i n c l i n a t i o n of 
planar cross-bedded fo r se t s i s genera l ly 18° - 25° on an 
average. 
Allen concluded tha t planar cross-beds are formed from 
asymmetrical r i pp le s having s t r a i g h t and p a r a l l e l c r e s t s and 
sca le of s t r a t a i s governed by amplitude of r i p p l e s . According 
to Harms e t a l . (1982), planar cross-bedding may have been 
deposited by migration of two dimensional l a rge r i p p l e s . 
The formation of planar cross-bedding suggests tha t they are 
formed of sand by the longi tudinal and t ransverse bars on 
the avalanche or l ee side face. Upstream slopes ( s toss side) 
of these bars are gen t le r , and sand migrating on t h i s slope, 
s l i p s down on the steeper l ee side slope (down current) to 
produce planar cross-bedding f o r e s e t s . 
4 . Massive sand Fades (Sm) 
I t i s grey in colour and fine to very fine gra ined . 
I t occurs as massive un i t (Fig. 8) but l o c a l l y as th in 
l e n t i c l e s (2-10 cm u n i t s ) . 
Massive or horizontal bedding may be in t e rp re t ed as an 
in t e rna l s t ruc tu re of longi tudina l sandy bars (smith, 1970), 
Fig. 8 : Photograph of macGivc mud faciei; (I-lm) shov/ing 
s t r u c t u r e l e s s massive mud ( dark black ) . 
Chahlar i Ghat. 
I'i^ 
FIG.8 
23 
poss ib ly ind ica t ing t r anspor ta t ion in p lanar sheets under 
very high energy condit ions (Rust, 197 2b), Their deposi t ion 
may be a t t r i b u t e d to an increase in flov/ regime due to loca l 
ciiallowing of basin floor, seasonal increase In discharge or 
to sheet l i k e floods (t^. kee e t a l . 1967). However, t h in ly 
bedded nature of t h i s s t r uc tu r e and occurrence a t the bank 
s ide suggests t h a t these are formed under low energy 
cond i t i ons . 
Pebbly Conglomerate and Pebbly Mud Facles (Pb~cg/Pb~m) 
This f a d e s occurs along the r i v e r margin a t Katarnia 
Ghat in sec to r - I of the study area . I t s actual thickness 
c a n ' t be said with ce r t a in ty , but i t seems to be of the order 
of 50 cm. I t cons i s t s of subrounded to rounded pebbles of 
varying s ize (s ize 50-45 mm in diameter, and comprise mainly 
of q u a r t z i t e . The conglomerate i s c l a s t supported and l o c a l l y 
matrix supported (Fig. 9) . 
Ripple cross-laminated Sand Facies (Sr) 
This fac ies cons i s t s of fine sand and fine s i l t (Fig. 10) . 
Thickness ranges from 5 to 10 cm. Ripple cross-lanjination are 
trough and amplitude are l e s s than 1 cm. I t i s found to be 
p resen t in the channel b a r s . 
Fig. 9 : Photograph of Pebbly gravel and Pebbly mud 
fades (PbrCg/Pb-rn) in river channel at 
Katarnia Ghat, 
Fig. 10 : Photograph shov/ing ripple cross-lainination 
(Gr ) facies in fine to very fine sand and 
- silt. Chahlari Ghat, 
» • • • ' ^ . - ~ ^ 1 - . , 
-\ ^C'• 
FIG.9 
M* ..•:^*MP^^- >*». 
FIG. 10 
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Mode of occurrence 
Bucher (1919), Reineck (1963b) and Mckeo (1965) have 
observed that the ripple d r i f t cross-laminations are 
developed when the excess suspended sediment i s continuously 
available to a current or wave, which i s , in turn, deposited 
above the ear l ier formed rippled layer. Field observations 
reveal that the ripple lamination in d r i f t and in phase both 
are developed simultaneously. A slight change in depth of 
flow, supply of sediments and in velocity of current may 
resu l t in the different arrangement of cres t of the rippled 
1ayer, 
Fine - c l a s t i c Mud Faclea (Mna) 
This facies consists essent ia l ly of s i l t and clay. 
I t i s black in colour and exhibits root le ts and organic 
material. This facies occupies the top portion of the bank 
deposits and generally l i e s above the sandy facies. The 
thickness of rauddly facies i s 20 to 30 cm, whereas, at bank 
cutt ing s i t e s i t ranges upto several meters in thickness. 
This facies may have been deposted by suspended load 
after each flood. 
CHAPTER - IV 
GRAIN SIZE ANALYSIS 
GENERAL COMMENTS 
G r a i n s i z e c h a r a c t e r i s t i c of s e d i m e n t s have commonly 
b e e n a t t r i b u t e d t o e n v i r o n m e n t o f d e p o s i t i o n (Fo lk and Hard, 
1957 ; Mason and F o l k , 1 9 5 8 ; Harms, 1959 ; and F r i e d m a n , 1 9 6 1 , 
1 9 7 1 ) , t h e s e w o r k e r s have u s e d t h e s t a t i s t i c a l m e a s u r e such 
a s mean s i z e , s t a n d a r d d e v i a t i o n , skevnriess and k u r t o s i s t o 
d e l i n e a t e b e a c h , dune and f l u v i a l e n v i r o n m e n t . T h i s a p p r o a c h 
h a s b e e n s u c c e s s f u l f o r modern e n v i r o n m e n t b u t l e s s so i n 
t h e c a s e of a n c i e n t s e d i m e n t s . 
D o e g l e s (1946) o b s e r v e d t h a t (1) g r a i n s i z e d i s t r i b u t i o n 
i s a m i x t u r e o f two o r more cor rponent d i s t r i b u t i o n o r p o p u l a t i -
o n s (2) t h e s e d i s t r i b u t i o n were p r o d u c e d by v a r y i n g t r a n s p o r t 
c o n d i t i o n s . Inman (1949) r e c o g n i s e d t h r e e f u n d a m e n t a l mode 
of t r a n s p o r t : s u r f a c e c r e e p , s a l t a t i o n and s u s p e n s i o n , and 
u t i l i z e d t h e e x i s t i n g knowledge c o n c o r n i n g f l u i d m e c h a n i c s 
t o a n a l y s e t h e modes of t r a n s p o r t of sedrninetar>y p a r t i c l e s 
on t h e b a s i s of s h a p e and s i z e . Mors (1962 , 1963) u s i n g 
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shape and s i ze of gra ins to d i s t ingu ish sub-populations and 
described tha t f ine p a r t i c l e s t ransported in suspension 
have an upper s ize l i m i t about 0.07 to 0.1 mm but may be 
coa r se r . Visher (1965) observed by using a fac tor ana lys i s 
approach t h a t the flow regime may control the range of 
gra in s ize of the s a l t a t i o n and suspension populat ions and 
the approximate posi t ion of t runcat ion between the two 
popula t ions . Visher (1976a, 1967b) observed in recent 
sediments t h a t most sedimentary laminae cons i s t s of 
p a r t i c l e s of 0.1 mm and smaller s ize f rac t ion which are 
d i r e c t l y deposited from the suspension mode of t r a n s p o r t . 
Method of Study 
The present inves t iga t ion i s concerned with the grain 
s ize p roper t i e s of the sedinents of r i v e r Ghagra in the 
study area . The main object ive i s to evaluate deposi t ional 
processes in order to understand s imi lar processes responsible 
for the deposi t ion of ancient sediments. To study the grain 
s i z e a t t r i b u t e s and ve r t i ca l and l a t e r a l v a r i a t i o n in grain 
s i ze d i s t r i b u t i o n , samples were co l lec ted a t Katarnia Ghat, 
Zalim Nagar Ghat, Chahlari Ghat and Ghagra Ghat from surface 
and t renches . 
Some 24 sarrples were co l l ec ted for grain s i z e ana lys is 
34 
from d i f f e ren t l o c a l i t i e s and t r enches . The gra in s i ze 
ana lys i s was ca r r i ed out rnechanicaly using 4 / 2 grade 
sca le of Wentworth (1922), following the standard method of s iev ing , 
us ing a Ro-tap s ieve shaker and a s e t of ASTM s i e v e s . 
lUU gta of sediment was talcen for euch samples cornputation 
i n phi (0) s c a l e . The data were grouped i n t o fif s ize c l a s ses 
a t i n t e rva l of 0,25 0 . Based on cumulative weight percent , 
cumulative curves were p lo t t ed on log p robab i l i t y paper 
following the method of Visher (1969). The grain s i ze 
d i s t r i b u t i o n was subdivided broadly in to three type of 
p r o b a b i l i t y p l o t s mainly on the ba s i s of nuirber of 
sub-populations and t h e i r percentage. Type I p l o t shows 
one in f l ec t ion po in t between s a l t a t i o n and suspension loads ; 
Type I I exhib i t s two in f l ec t ion po in t s between t r a c t i o n and 
s a l t a t i o n poin ts and between s a l t a t i o n and suspension load . 
Two s a l t a t i o n sub-populations S-J^(A) and S-CB) cha rac t e r i s e 
the Type I I I of the Ghagra sand. Vishar (1969, p . 1080) 
a t t r i b u t e d two sub-populations of s a l t a t i o n load, recognised 
in beach foreshore depos i t s . Theore t ica l ly two s a l t a t i o n 
sub-populations may well develop in deposi ts of o ther 
subaqueous environments, and Hors (1963, p . 312-313)'has 
recorded these in sandy r ive r g rave l s . 
ga 
GRAIN SIZE DISTRIBUTION IN RELATION TO SEDIMENTRY STRUCTURES 
1 . H o r i z o n t a l bedded F a d e s ( sh ) 
Twelve s a n p l e s of h o r i z o n t a l l y bedded sand f a d e s (sh) 
were c o l l e c t e d for g r a i n s i z e a n a l y s i s along the cou r se of 
t h e Ghagra r i v e r , a t Zalim Nagar Ghat and C h a h l a r i Ghat 
r e s p e c t i v e l y . The i r l o c a t i o n i s shown in F i g . 1 . Graphic 
p l o t s of cunuilat ive weight p e r c e n t a g e ( F i g . 11) show t h r e e 
sediment p o p u l a t i o n s of t r a c t i o n , s a l t a t i o n and s u s p e n s i o n . 
S a l t a t i o n popu l a t i on c o n s t i t u t e s 7-96 p e r c e n t by weight , 
comiTKJnly range between 60 - 90%, suspens ion l o a d 
from 5 t o 45.85% except one sample which c o n s t i t u t e s 93% and 
t r a c t i o n l o a d i s l e s s than 5% ( F i g . 3B, 4B, 5 B ) . The sediment 
s i z e a t i n f l e c t i o n p o i n t between t r a c t i o n and s a l t a t i o n r anges 
from 1,0 t o 2.0 0 ( 0 . 5 t o 0 .25 im) and a t t h a t between 
s a l t a t i o n and suspension from 2.5 to 3.0 0 (0.177 - 0.125 m:n) . 
The Sh f a d e s c o n s i s t s of f i n e g ra ined sand wi th mean 
s i z e (Mz) vary ing from 3.67 0 t o 2.40 fS (0 .07 to 0.17 nun). 
I n c l u s i v e g raph ic s t andard d e v i a t i o n (tP I ) r a n g e s between 
0 .31 0 to 0.62 0, shows t h a t samples a re ve ry wel l s o r t e d 
t o modera te ly well s o r t e d . Skewness va lue s range from + 0.04 
t o +0.34 and a re n e a r syuimetrical to s t r o n g l y f i n e skewed, 
i n d i c a t i n g g r e a t e r admixture of f i n e r m a t e r i a l . Kurtos is va lue shows 
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Fig.11 : Size frequency cumulative percent p l a t s 
of Sh-facies of Gliacjrn G-'JIMI. 
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(0.90 0 - 1.25 0), mesokurtic to very l e p t o k u r t i c . 
2. Trough Cross-bedded Facias (St) 
Six samples of l a rge scale trough cross-bedded sand 
f a d e s (S t ) , were co l l ec ted from the Ghagra r i v e r . Resul ts 
(Table - 1) show t h a t the bulk of the sediment load c o n s i s t s 
of 71,6% to 96% of s a l t a t i o n , 4 to 28% of suspension, and .40 
to 1 percent of t r ac t i on load by weight. 
Overal l , the sand i s f ine to very f ine grained and 
mean size (Mz) ranges from 2.97 to 3.02 0 (0.19 to 0.12 mm). 
Inc lus ive graphic standard deviat ion ranges from 0.65 to 0.48 
0 which shows t h a t the sattples are moderately to well sor ted . 
Skewness values range from to ,20 to 0.34. I t i s f ine to 
s t rongly f ine skewed and ind ica t ing g rea te r admixture 
of f iner ma te r i a l . Kurtosis values l i e between 0.98 and 
1.55 inplying tha t i t i s mesokurtic to very l ep tokur t i c 
(Folk, 1968, p . 49) , 
3 . Planar Cross-bedded Sand Facias (Sp) 
Two saiTples of planar cross-bedded sand fac ies were 
co l l ec ted from Chahlari Ghat (Trench No, 7) and were t rea ted 
for grain s ize analysis and cumulative percentage were p lo t t ed 
(Fig. 12) . The samples c o n s t i t u t e only two subpopulations. 
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Sp- fac ies . 
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s a l t a t i o n (44/o) and suspension (55.96 to 56;i by weight) . 
Computed s t a t i s t i c a l a t t r i b u t e s of these samples show 
t h a t planar cross-bedding, by and l a rge , cons i s t s of f ine 
sand (MZ: 2.02 fi to 2.44 0;(O.13 mm to 0,18 mm) . Inc lus ive 
graphic deviat ion ( tf I) ranges from 0.64 to 0,38 0, 
suggesting tha t the samples are moderately well sor ted to 
well sor ted . Skewness values range from +0.17 to +0.19 
(f ine skewed) . Kurtoss valuos (U.Ul to 0,'J'J> 0) suygcat 
t h a t the samples are strongly mesokurtic. 
4 . Massive Sand Fades (SM) 
Only one sample was analysed for grain s i z e . The sanple 
c o n s t i t u t e s two population i . e . Sa l t a t i on (77%) and suspension 
13;^. The sediment i s f ine grained with mean s ize (Mz) a t 
2.45 0 (0.18 mm) ( 0""- 0.4 3), showing tha t the sediment 
T 
i s well sor ted . I t i s near symmertical (SK^ ^ : +0.02), and 
meso-kurtic (K^ 0 .94) . 
5. Ripple Laminated to Ripple Drift Laminated F a d e s (sr) 
S imi lar ly , one sediment sanple of r i pp l e cross laminated 
to r i p p l e d r i f t laminated facies was anlaysed for grain s ize 
proper ty of sediment from trench No. 2 a t Zalim Nagar Ghat. 
The sample cons i s t s of Sa l ta t ion (31;^) and suspension (70^) load. 
45 
The sediment i s very f ine sand (Mz; 3.60 0 ; 0.08 rmi) . 
I t i s well sor ted ( 0 I : 0.50 0 ) ; near symnetrical 
SK^ : + 0.061 and mesokurtic (K_: 0 .92) . 
I <j 
Vertical variation of Grain Size 
Vert ica l var ia t ion of grain s ize c h a r a c t e r i s t i c s in 
r e l a t i o n to facies in various trenches are shown diagrammatical ly 
in F igs . 3C, 4C, 5G, for d i f f e r en t l o c a l i t i e s along the 
course of the r i v e r Ghagara between Zalim Nagar Ghat to 
Chahlan Ghat. 
By and large* the grain s ize parameters do not exh ib i t 
a d e f i n i t e regular va r ia t ion in most of the t r enches . However/ 
there i s a tendency of s l i g h t decrease in mean s ize from 
lower (10 cm) to upper (30 cm) p a r t in rixjst of the cycles 
(F igs . 3C, 4C, 5C). Vert ical va r i a t ion in mean s ize i s well 
of 
developed in trench No.2/ Zalim Nagar Ghat. Down stream a t 
Chahlari Ghat, the ve r t i c a l va r i a t ion in grain s ize , l ikewise 
may 
may or /no t be well developed (Figs . 4C/ 50) . 
The sediment sor t ing var ies upward from very well sorted 
(0.31 0) in sanple No. 1-3* trench No. 2. However, sor t ing 
parameters don ' t exh ib i t a de f in i t e v e r t i c a l va r i a t i on in nvost 
of the t renches . 
47 
The sedirnents are near ly sytnnetrical ( + 0.05 0 ) to 
s t rongly fine skewed (Fig. 13C)(Trench no. 3) , but lack 
d e f i n i t e v a r i a t i o n . Likewise, most samples are l ep toku r t i c 
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CHAPTER - V 
HEAVY MINERALS OP GHAGRA SAND 
Heavy minerals are volumetr ieal ly minor c o n s t i t u e n t s 
in terr igeneous rocks . They are charac ter ized as those 
minerals having a specif ic g rav i ty grea ter than 2,85. Unt i l 
the 1950*3, heavies were studied as a tool for s t r a t i g r a p h i c 
c o r r e l a t i o n . This appl ica t ion has since been replaced by 
rnicrofosils and geophysical rivethods. Heavy [ninerals now 
studied more as a guide to source rocks l i t h o l o g i e s and 
d i spersa l pa t te rn as well as the composition of provenance 
and abrasion h i s to ry of sediments (Pet t iJohn e t a l .*1972; 
B l a t t e t a l . 1982). The main objec t ive of the p resen t 
i nves t iga t ion i s to place on record the heavy mineral s tud ies 
in two l o c a l i t i e s namely; /:^ilii[i Nagor Ghat and Ghohlari Ghat 
of the Ghagra r i v e r sand. 
Ten samples of Ghagra sand from tiie above l o c o l i t i o o 
were washed with alcohol, d r ied and weighed, t r ea t ed for 
heavy mineral asserrblage using Bromoform ( spec i f i c g rav i ty of 
2.87) as heavy l i q u i d , and seprated by centr i fuge machine 
using method as out l ined by Taylor (1938). 
4^ 
Stf 
Table -1 Average of 10 sanples heavy mineral 
conposlt lon of Ghagra sediments. 
Minerals 
Epidote 
Kyanite 
S i l l iman i t e 
Tourmaline 
P i s t a s i t e 
Zircon 
Tremolite 
B io t i t e 
Anatase 
Z o i s i t e 
Opaques 
Zalira Nagar 
Ghat 
52.4 
17.3 
3 . 3 
5.6 
3 . 2 
3 .0 
3 . 0 
1.0 
1 .3 
1.0 
10.6 
Cha^Uari 
Ghat 
58.5 
16.1 
5.5 
2 . 2 
-
-
2 . 1 
3 . 0 
-
-
7 . 0 
Total 
Percentage 
55.4 
17.0 
4 . 4 
4 . 0 
3 . 2 
J .O 
2 .6 
2 . 0 
1 .3 
1.0 
8 . 8 
51 
The heavy mineral species as recorded from various localities, 
in order of abundance are epidote, Kyanite, opaques, sillimanite, 
tourmaline, pistasite, zircon, tremolite, biotite, ana.Jtase, 
and zoisite. Their distribution and optical properties are 
given below, 
DESCRIPTION 
Epidote 
Epidote i s the dominant mineral of the heavy mineral 
assemblage, cons t i t u t i ng about 52.4% a t Zalim Nagar Ghat and 
58.5;^ a t Chahlari Ghat with an average 55.4;4. The gra ins are 
genera l ly elongated, subroundedand pr ismat ic in shape. 
However, two v a r i e t i e s of epidote, co lour less and coloured 
are d i s t ingu i shed . The coloured gra ins show weak Pleochroism, 
high r e f r ac t i ve index and yellow and greenish yellow in 
colour . Colourless va r i e ty shov; high r e f r a c t i v e index. 
Kyanlte 
Kyanite grains are colourless in ordinary light, 
subangular to subrounded and thin prismatic grains with 
rectangular outline. Majority of grains are colourless. 
However, few grains show light pink or pale blue colour 
and are weakly paleochroic exhibiting two sets of perfect 
Cleyage. Refract ive index and r e l i e f are high. The content 
of Kyanite va r i e s from 17.3?iat Zalim Nagar Ghat to 16.7;4at 
Chahlari Ghat. 
Opqques 
Generally these are considered as nuisance and always 
discarded, despi te the fac t t ha t they comTionly form the 
l)ulk of the heavy crop and are useful for provenance 
determination (Bla t t e t a l . 1982). Opaques are abundant in 
a l l the samples and the grains are angular to subrounded. 
and Magnetite i s more common/recognised by i t s s t ee l grey colour 
and meta l l i c l u s t u r e . I lmeni te occurs more as i r r e g u l a r to 
subrounded gra ins of brownish colour. 
Sllllraanite 
The grains are co lour less , subangular to subrounded with 
s t r i a t i o n s and show s t r a i g h t ex t inc t i on . The average percentage 
of cons t i t uen t s i s 3.3 a t Zalim Nagar Ghat and 5,S^ a t 
Chahlar Ghat. 
Tourmaline 
Tourmaline grains are green and pale green in colour 
and s t rongly pleochroic, pr ismat ic and subrounded to well 
rounded in shape. S t r i a t i o n are p a r a l l e l to p r inc ipa l a x i s . 
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The gra ins become e x t i n c t p a r a l l e l to s t r i a t i o n . I t c o n s t i t u t e 
5.6% a t Zalim Nagar Ghat and 2.2/o a t Chahlari Ghat* averaging 
about 3.9^ . 
Zircon 
Zircon gra ins are co lour less , few are yellow and p ink . 
However, co lour less v a r i e t y i s more cornmon. Mostly the g ra ins 
are angular to subangular, few grains show well developed 
euhedral form. The gra ins show high r e l i e f and b r i g h t 
in te r fe rence co lours . I t form only 2.7X a t Zalim Nagar Ghat, and 
not recorded a t Chahlari Ghat. 
Trerool1te/Ac t lno l i te 
Tremolite gra ins are usua l ly colour less , while a c t i n o l i t e 
shows pale green colour . The gra ins are subangular to 
subrounded with fibrous aggregate and inc l ined e x t i n c t i o n . 
The average content of t remol i te i s 2,7;i a t iialim Nayar Ghat 
and 2,1?4 a t Chahlari Ghat. 
Biot i te 
The gra ins are brown in colour with pe r fec t c l ea rage . 
I t occurs as f lakes and subrounded in shape. S t r i a t i o n s are 
cotitnonly observed in some of the g ra in s . I t i s about 1^ 
a t Zalim Nagar Ghat and 3.C% at Chahlari Ghat. 
5i 
Zols l t e 
The mineral occurs in i t s c h a r a c t e r i s t i c pr ismat ic 
form with two se t s of c l e v a g e . . I t i s present only a t 
Chahlari Ghat in minor amount 10;i . 
SOORCS RCXaC COMPOSITION 
Ten heavy mineral species and opaques as recorded from 
Ghagra sediments a t two l o c a l i t i e s are, by and l a rge , s imi la r 
Implying tha t a s imilar provenance exis ted throughout from 
where the sediments have been der ived. 
Most of the heavy minerals are of rre tamorphic and 
p a r t l y of acidic and bas ic igneous o r ig in . The presence of 
epidote , Z o i s i t e , b i o t i t e in Ghagra sand ind ica t e tha t 
metamorphics are the main source for the supplyof these sand. 
The sand contains a wide asscortment of rock "fragments and l igh 
crop minerals , Quartzi te fragments ind ica te t h a t metasadimentary 
rocks have considerably contr ibuted to the Ghagra sand. 
Euhedial z i rcon and tourracaline (green-brown) cha rac t e r i s e 
g r a n i t i c source, and blue tourmaline are derived from pegmatite 
rocks (Krymine, 1946; Poldervaourt, 19 50) . Contr ibution from 
bas i c rocks are indicated by the presence of opaques and 
5D 
epidote , the l a t t e r may have been derived p a r t l y from high 
grade sch i s t s (Force, 1980). I t i s concluded t h a t the Ghagra 
r i v e r sand may have been derived from a mixed conposit lon 
of provenance comprising p lu tonic igneous rocks, low medium 
and high grade metamorphic rocks, and bas ic rocks . 
are 
Indeed, these h igh lands / s i tua ted towards north-northwest 
of the study area . These highland l a r g e l y consis ted by 
coarse g ran i t e , g ran i t e gneises b i o t i t e quar tz , s c h i s t and 
VL-irieties of q u a r t z i t e s . Veins of quar tz , feldspar and 
pegmatite commonly cut across these rocks . 
CHAPTER - VI 
WATER POLLUTANTS 
GENERAL STATEMENT 
The r i v e r Ghagra , l i k e any o t h e r r i v e r o r s t r e a m 
r e c e i v e s d r a i n a g e , c o n t a i n i n g f e r t i l i z e r and p e s t i c i d e s 
f rom a g r i c u l t u r a l l a n d , which may c a u s e s e r i o u s t h r e a t t o 
t h e h e a l t h o f mankind and t h e i r e c o l o g i c a l p a r t n e r s . 
The p r e s e n t c h a p t e r d e a l s w i t h t h e s t u d y of v a r i o u s 
p h y s i c o c h e m i c d l p a r a m e t e r s l i k e pH and EC and i n o r g a n i c w a t e r 
p o l l u t a n t s e . g . HCO3 , C I , SO^ , Mg. T o t a l h a r d n e s s a s CaCO^, 
Co, Cd, Fe , r4n, Zn, Pb i n w a t e r s a m p l e s c o l l e c t e d from 
r i v e r G h a g r a o f e a s t e r n u t t a r P r a d e s h . 
METHOD OF SAMPLING 
In a s t r e t ch of about l40 km of Ghaghra r i v e r in the 
study area, 3 sampling s t a t i o n s were es tab l i shed and from 
each sampling s t a t ion 3 sanple 3 were co l lec ted , one trom tho 
r i g h t bank of the r ive r , other a t l e f t bank and the t h i rd 
from the middle point of the r i v e r . A t o t a l of 9 water 
J7 
sarnpies was co l l ec ted from three saitpling s ta t ions as shovm 
in Fig . !• polythene b o t t l e s of one l i t r e capaci ty soacked 
in acid and thoroughly r insed with d i s t i l l e d water were used 
for co l l ec t ion of water sample-s subsequently these polythene 
b o t t l e s were capped and sealed with wax. A por t ion of t h i s 
sample was inrnediately ac id i f ied with 6N n i t r i c acid (10 ml) . 
These ac id i f i ed samples were used for the determination of 
var ious metals . Second port ion was used for the determinat ion 
of HCOq* CI, SO. , Tii (Total Hardness) and pH e t c . 
Analytical Procedure 
The water sanples were analysed ao per standard methods 
recommended by APHA (1975). For the analys is of Heavy metals 
500 ml of f i l t e r e d sanples were ac id i f i ed again with 5 ml 
of 6N H1SI0.J , and concentrated up to 50 ml (Parkar, 1972) . 
The r a d i c a l s l i k e carbonate, b icarbonate , ch lor ide , and 
t o t a l hardners as CaCO^ were determined using volumetric 
methods. Sulphate was determined by gravimetr ic method. 
The major element l i k e magnesium and t race elements l i k e Gr, 
Co, Cu, Cd, Fe, Ni, Pb and Zn were analysed in the Geochemical 
l abora to ry of the Department of Geology A.M.U,, using 
(GBC-902) , Double Beam Atomic rtbsorption Spectrophotometer. 
Analytical Results 
Details of chemical analyaio results are given in 
Table 3. However, the average concentration of major 
ions and trace elements are given in Table 1. 
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Table - "5 Table showing standards of water and 
World Health Organisation and average 
concentrat ion of c o n s t ! t u t e n t s p resen t "-^  G,Wo^c^y\^eA^ 
the study area . 
S I . 
No, 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
1 1 . 
C o n s t i t u e n t s 
pH 
T o t a l 
Hardness 
(as CaC03) 
Calcium 
Magnesium 
Copper 
I r o n 
C h l o r i t e 
Su lpha te 
Cadmium 
Lead 
Hexavalent 
Chromium 
I n d i a n 
Standard 
I n s t i t u t i o n 
1983 
High-
e s t 
d e s i r -
ab le 
l e v e l 
6 . 5 
300 
70 
30 
0.05 
0 . 3 
250 
150 
0.01 
0 . 1 
0,05 
Max. 
perm-
i s s i b l e 
l e v e l 
9 . 2 
600 
200 
loo 
1.5 
1.0 
1000 
-
No 
r e l a x a t i o n 
-
No 
r e l a x a t i o n 
High-
e s t 
d e s i r a -
b l e 
l e v e l 
7 . 0 
100 
75 
-
0.05 
1.0 
200 
200 
-
-
— 
World Hea l th 
O r g a n i s a t i o n 
1984 
Max. 
pe rmi -
s s i b l e 
l e v e l 
9 . 2 
500 ; 
200 
150 
1.5 
1.0 
600 
400 
0.005 
0 . 1 
— 
Average 
concen-
t r a t i o n 
in the 
Area 
7,69 
L67.00 
-
1.658 
-
0.061 
73.650 
194.640 
-
.050 
— 
6i 
A c r i t i c a l analysis of the t ab le ind ica t e t h a t pH 
values of the water samples ranges between 7.30 to 7.98 which 
shows t h a t the water of r i v e r i s s l i g h t l y a lka l ine in na tu re . 
The value of clectr icci l conduct ivi ty between 227 to 6 20 
Micromohos/cm vrtiich revea ls t h a t the water i s moderately 
minera l i sed . Further* values of Biocarbonate t o t a l hardness 
and magnesium are well below the prescr ibed l i m i t s of ISI 
(1983) and WHO (1984). The chlor ide concentra t ion encountered 
in the samples ranges between 35 to 109 ppm which i s well 
bifeov/ the standard guide l i n e s . The concentrat ion of SO. 
observed in the area with associa t ion of Na or Mg may give 
r i s e some g a s t r o i n t e s t i n a l i r r i t a t i o n to the u se r s . However, 
t r ace metal concentrat ions determined in the water samples 
of the area are well below the prescribed l i m i t s but , even 
though small amount of these micromentrients may c rea te some 
problems because of t h e i r continuous bioaccumuldtion in the 
body of human t i s s u e s . From the afforesaid d iscuss ions of the 
r e s u l t s i t i s found tha t water qua l i ty of the r i v e r i s 
su i t ab le for drinking, i r r i g a t i o n and i n d u s t r i a l uses as i t 
i s free from any type of p o l l u t i o n . However, the s igni f icance 
of indiv idual ions and elements are discussed in d e t a i l in 
the coming paragraphs. 
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1. Hydrogen ion concentration (pH) 
The hydrogen Ion concentration of water samples reveal 
the alkaline nature of water. The values of pH vary from 
a minimum of 7,30 at Ghagra Ghat down stream to a maximum 
of 7.98 at Salim Nagar Ghat (upstream) indicating the alkaline 
nature of Ghagra water. Values how that the pH of the 
water is within the permissible limit of drinking water. 
2. Carbonate 
The carbonate concentrat ion va r i es from n i l to 6 ppm. 
The highest value was obtained from l e f t bank a t Ghagra Ghat. 
3» Bicarbonate 
From Zalim Nagar Ghat to Ghagra Ghat the concentrat ion 
of bicarbonate was found in the range of 183.0 - 366,0 ppm. 
Bicarbonate concentrat ion in the water a t Ghagra Ghat l e f t 
bank (366.0 ppm), was found to be the h ighes t . 
4 . Chlori<te 
The chlor ide concentrat ion was found in the range of 
3 5,5 - 109,5 ppm with the highest value (109.5 ppm) being 
a t Chahlari Ghat l e f t bank. The concentrat ion of chlor ide 
i s found within the des i rab le l i m i t . 
ea 
5. Sulphate 
The concentrat ion of sulphate ranges from 123.34 ppm 
to 310.50 ppm. The higher values of sulphate were observed 
a t Ghagra Ghat. Out of t o t a l nine sartples s i x samples how 
sulphate content higher than desirabL, l i m i t (ISI 1983) . 
6 . Total Hardness as CaCOo 
I t ranges from 80 ppm to 240 ppm. V7ater of bank s ides 
show the higher value than middle channel. The value are 
within des i rab le l i n d t (ISI, 1983) . 
7 . Magnesium 
The concentration of magnesium i s in the range of 1,223 
2.200 ppm. The highest value of Mg (2.200 ppm) i s found a t 
l e f t bank of Ghagra Ghat. The value of magnesium i s within 
permiss ible l i m i t as prescr ibed by-ISI (1983). 
TRACE ELEMENTS 
The so ca l l ed t race elements which are found in very 
low concentrat ions play a very important r o l e in the d i e t s 
of human and animals and in the heal thy growth of the p l a n t s . 
However, these elements a t higher concentrat ion may become 
in jur ious or toxic to animal and p lan t s l i f e . 
6^ 
cobalt (Co) 
Tho concentrat ion of cobal t in water oornplca var iea 
from 0,111 to 3,296 ppm. Maximum (3,296 ppm) concentra t ion 
of coba l t in water samples was found a t l e f t bank of ZaLLim 
Nagar Ghat where as minirtum 0.111 ppm a t Chahlari Ghat 
(mid channel) . I t plays inpor tan t ro l e in d i e t of animals. 
Concentration of cobal t i s much higher than the recommended 
value (1.0 ppm.) . 
Cadtnium (Gd) 
Cadmium i s highly toxic metal and i s widely d i s t r i b u t e d 
in the environment. At higher concentrat ion i t i s a deadly 
poison, but small amount taken over a longer per iod of time 
bioaccumulate3 in the body and causes ser ious i l l n e s s . However, 
the concentrat ions of cadmium in the water sainples of the area 
are below the de tec t ion l i m i t which i s poss ib ly due to the 
absence of i n d u s t r i a l a c t i v i t y along the Ghaghra r i v e r . 
concentrat ion of Zn in water samples v a r i e s from 0.041 -
0.096 ppm a t a l l sanpling s t a t i on in the study area . Maximum 
(0.096 ppm) concentrat ion of Zn i s obtained a t Zalim Nagar 
Ghat ( l e f t bank), whereas, concentrat ion of Zn i s not found 
a t Ghagra Ghat. The above concentrat ions of Zn are within 
6 a 
the permissible l i m i t s as recontmended by ISI (1983), and WHO 
(1984) . 
Lead (Pb) 
The lead concentrat ion in water samples of the r i v e r 
Ghagra i s found between 0.019 to 0.041 ppm. Highest lead 
concentrat ion (0.047ppm) was recorded near Zalim Nagar Ghat 
of the r i ve r Ghagra ( le f bank) and minimum concentra t ion 
was found a t Ghagra Ghat ( r igh t bcink) . Pb contents are 
within the permissible l i m i t s as conpared with l^ iO and IGMR 
standards . High concentrat ion pb near Zalim Nagar Ghat may 
be contr ibuted by some anthropogenic a c t i v i t i e s li)<B pe t ro -
veh ic les as the petroldum because of t l ieir highly inflammable 
charac te r added with lead t e t r a e ther to reduce the 
inf lammabil i ty . 
CHAPTER- V I I 
SUMMARY AND CONCLUSION 
The p resen t study forms a p r i l im in i ry inves t iga t ion 
of a de t a i l ed p ro jec t which the author may l i k e to undertake 
in fu ture , consequently the r e s u l t s and conclusions obtained 
herein, r e l a t e only to the study area and should not be 
general ized for the Ghagra r i v e r as a whole. The summary 
and conclusion of t h i s study are as here^-under. 
1. The study was undertaken of the r i v e r Ghagra, a 
t r i b u t o r y of Ganga r i ve r , over a s t r e t c h of 140 km. The 
inves t iga t ion covers the places from Katarnia Ghat in the 
nor th t o , Zalira Nagar Ghat, Chahlari Ghat and Ghagra Ghat 
in the south in the d i s t r i c t of Bahraich, eas terh Ut ta r 
Pradesh, with specia l reference to bed forms t h e i r f a d e s , 
t ex tu re , bedding types, and conposi t ion, 
2. The r i v e r Ghagra exh ib i t s a braided pa t t e rn in the 
study area, as shown by the occurrence of bra id bars in the 
r i v e r channel, and loca l i sed v e r t i c a l accre t ion d e p o s i t s . 
The r i v e r deposi ts cons i s t mostly of medium to fine sand, 
except a t Katarmia Ghat where c l u s t e r of pebbles are a l so 
bo 
oboorvod. Sand c o n s t i t u t e s the bulk ot tho bra id burs in tlia 
chaanel . Vert ical accre t ionary depos i t s are formed as a 
r e s u l t of s e t t l i n g of suspended load from flood water, 
cons i s t ing of fine grained sand, s i l t , and c l ay . 
3 , The sedimentairy fac ies were examined for channel 
bars and overbank deposits, which get e^ tposed owing to fall 
in water level and due to frequent shifting and bifurcation 
of river channels. 
4. Seven lithofacies are recognised on the basis of field 
studies of river Ghagra and coded individually following the 
modified scheme of Miall (1978). The facies ore: 
(1) Horizontal bedded facies (Sh); (2) Trough/oedded facies (St) ; 
(3) Planar cross bedded facies (Sp); (4) Massive sand facia3(Sm); 
(5) Pebbly conglomerate and Pebbly mud facies (Pb-Cg/Pb-m) ; 
(6) Ripple laminated to ripple drift laminated facies(Sr), 
and (7) Massive raid facies (Mm) . 
The deposition in the channel has been taking place in 
tVTO distinctive phases. The coarse facies such as trough 
and planar cross bedded sands and horizontal bedded to 
laiminated sands seem to have been deposited in the flood 
stage. Trough and planar cross beds are formed by the 
^ • • ' : ; • ' ^ ~ > « , 
66 
migration of t ransverse bars and dunes r e spec t ive ly , vrtiereas, 
the hor izonta l bedded sand facies was deposi ted in the 
plane-bed phase of upper flow regime. The f ine r fac ies such 
as r i pp l e - laminated sand, s i l t and mud were deposited 
during f a l l i n g stages to form cross- laminated sand facies as 
observed in channels and overbanks a t p r e sen t , 
5« The grain s ize ana lys is was c a r r i e d out for 24 sanples 
co l l e c t ed from Zalim Nagar Ghat (11) and Chahlari Ghat (13) . 
Resul t s show tha t t r a c t i o n lond, by and l a rge , forms a small 
amount ( < 5%), whereas s a l t a t i o n load forms the bulk of 
the sediment (7 - 90%), and suspension load con^rises of 
very f ine sand, s i l t and clay (5-46%). Sedimentary s t ruc tu re s 
l i k e hor izonta l bedding planar cross-bedding and massive 
sand fac ies , in respect of grain s ize show t h a t they are 
mostly formed in fine sand, whereas trough cross bedding, 
c ross r ipp le d r i f t lamination fac ies are charac te r i sed by 
f ine to very fine sand. 
Grain s ize parameters do not exh ib i t a de f i n i t e v e r t i c a l 
va r i a t i on in most of the t renches . However, there i s a tendency 
of s l i g h t decrease in rrean s ize from lower to upper p a r t in 
most of the cyc le s . Likewise, most sanples tend to vary from 
very well s o r t e r to moderately v;ell sor ted, and are s t rongly 
fine skewed and l e p t o k u r t i c . 
ss 
6, s imi l a r ly , heavy mineral assertiblage d o e s n ' t show any 
marked va r i a t ion in spec ies . 12 heavy mineral species 
including opaques have been i d e n t i f i e d , epidote , kyani te 
and a i l l imoni te are more corrmon whereas, tourmaline, 
p i s t a s i t e , z i r l con , t remol i te , b i o t i t e , anatase , z o i s i t e 
are l e s s abundant, as shown in Table 2. 
7 , Resul t of water analysis shows tha t the water q u a l i t y 
of the r ive r i s su i t ab le for dr inking, i r r i g a t i o n and 
i n d u s t r i a l uses as i t i s free from any type of contamination, 
Almost a l l the anions and ca t ions are well below the 
prescr ibed guidel ines of VHO (1984) except So4 which shows 
a l^igher concentrat ion tha t the standard l i m i t s , in case of 
few sarrples, which may give r i s e to some g a s t r o i n t e s t i n a l 
i r r i t a t i o n to the userr. with the associat ion of Na or Mg. 
lii 
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